Morphogenetic processes, based on the temporal and spatial control of cell proliferation, are involved in determining the size and shape of an organism. We have used clonal analysis, employing X-ray-induced mitotic recombination, to study cell proliferation and differentiation processes in the developing wing imaginal disc of Drosophila. Our results show a non-uniform distribution of mitotic activities during different stages of wing development. This may reflect waves of cell proliferation which derive from distinct centers of cell proliferation within the growing wing imaginal disc. These proliferation centers are located within the major wing compartments (i.e. the anterior, posterior, dorsal and ventral compartments) and they are restricted to the areas which give rise to the intervein regions of the adult wing. The mitotic recombination analysis, combined with the study of Minute and gynandromorph mosaics, show that the presumptive vein regions of the wing represent distinct boundaries which delimit the proliferation centers to the intervein regions. We present a generative model of wing morphogenesis that is consistent with our results.
Introduction
Much of our current knowledge of biological pattern formation processes is derived from the genetic analysis of segmentation in Drosophila (Ingham, 1988; St. Johnston, 1992) . These processes are primarily based on patterned cell differentiation, i.e. cells differentiating according to their position in the developing organism. The genetic basis of patterned cell differentiation has been the focus of intensive studies in a number of systems including Drosophila; however, comparatively little attention has been drawn to morphogenesis, the process responsible for forging out the size and shape of body parts in any higher organism. In contrast to patterned cell differentiation, pattern formation through morphogenesis involves spatially and temporally co-ordinated cell proliferation.
The formation of body appendages of Drosophila, * Corresponding author. tPresent address: Abteilung Molekulare, Entwicklungsbiologie, MaxPlanck-lnstitut ffir Biophysikalische Chemic, D-37077 G6ttingen, Germany.
such as wings, legs and antenna, represent ideal systems to investigate the processes underlying morphogenesis. The anlagen of these appendages can be traced back from small clusters of cells in the embryo which give rise to the so-called imaginal discs. Their development, in turn, is accompanied by proliferative growth during larval stages and patterned cell differentiation prior to metamorphosis. Detailed fate maps have been established for the different imaginal discs. However, other than the belief that cell proliferation is an important parameter of imaginal disc development (see Bryant, 1987 , for review), there has been marginal focus on distinct spatial and temporal proliferation patterns. Using genetic mosaic analysis, some general proliferation parameters (Garcia-Bellido, 1968; Bryant, 1970; Garcia-Bellido and Merriam, 1971; Garcia-Bellido et al., 1976) and clonal restriction have been studied. This clonal restriction gives rise to symmetrical wing subunits such as anterior or posterior, dorsal or ventral compartments, (GarciaBellido et al., 1976) and distinct restriction lines along the wing veins of the adult wing (Ripoll, 1972) . Recent genetic studies on the patterning of wing veins revealed a close connection between wing morphogene-0925-4773/94/$07.00 © 1994 Elsevier Science Ireland Ltd. All rights reserved. SSDI 0925-4773(94)00240-N
